BACKGROUND: Outdoor air pollution has been considered as one of the most serious health concerns over the last decade. This study aimed to investigate the association between ambient air pollution and cardiovascular hospital admissions.
Introduction
Industrialization and urbanization over the last decades, along with rapid global economic growth has resulted in increase in ambient air pollution which is a serious threat to human health. [1] [2] [3] Ambient air pollutants include complex mixtures of particles and gases such as carbon monoxide (CO), nitrogen dioxide (NO2), ozone (O3), sulfur dioxide (SO2), and particulate matter (PM). 4, 5 The World Health Organization (WHO) estimated that in 2012 ambient air pollution caused 3.7 million rural-and urban-premature deaths worldwide. 6 Epidemiologic studies have indicated associations between ambient air pollution and adverse health effects such as respiratory hospital admission, 7-10 respiratory mortality, 11, 12 and trauma. 13 There is also growing epidemiological and clinical evidence showing that air pollution is associated with increased cardiovascular mortality and hospital admissions, and sudden cardiac arrest. [14] [15] [16] [17] [18] [19] Cardiovascular diseases (CVD) as a class of disorders involving the heart and blood vessels, are the leading cause of premature mortality in the world. 20 Based on the WHO report, 17.5 million people died from CVD in 2012 which accounted for 31% of all global deaths. On the other hand, over 75% of CVD deaths occurred in low-income
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Air pollution for CVD 118 ARYA Atheroscler 2017; Volume 13; Issue 3 and middle-income countries. 20 The underlying biological mechanisms linking air pollution and cardiovascular events have still remained unclear. Some researchers think that inhaled ultrafine particles diffuse in the blood circulation and can also modify the heart's autonomic nervous control especially in people with existing cardiovascular disease. 21, 22 Various studies have showed that traffic related air pollution and residence within proximity of highways are related to myocardial infarction (MI). 23, 24 The results of a study conducted by Samoli et al. in London, UK demonstrated that trafficrelated air pollution was associated with increased number of adult cardiovascular hospital admissions. 25 Also, a Greek cohort conducted by Katsoulis et al. showed positive associations between traffic-related air pollution (PM10 and NO2 exposures) and ischemic heart disease and CVD morbidity, particularly among younger people (< 50 years) and women. 26 Other studies conducted in the US and Italy also showed significant associations between air pollutants and cardiovascular admissions. 27, 28 Most studies on air pollution and CVD have been performed in developed countries, and there are few studies from developing countries and particularly the Middle East region, where air pollution is increasingly becoming a main public health and environmental problem. 2, 29 Researchers think that exhaust emissions from road vehicles and incomplete combustion of fossil fuels are the major sources of outdoor air pollution emissions in the Middle East region. 2, 30 Arak, is the capital city of the Markazi province located in central Iran, and is one of the industrial cities of the country 31 with a population of over 600,000 people. The geographic coordinates of this city are 34.09 N and 49.69 E and it stands 1748 meters above sea level 31 . The weather of the city is relatively warm and dry in summer, and cold and humid in winter. Due to intense industrial activities, urbanization and increased number of motor vehicles in the last decades, air pollution has had an ascending trend in this city. The objective of this study was to investigate the impact of short-term exposure to ambient air pollutants (SO2, PM2.5, CO, NO2, O3, and PM10) on cardiovascular hospital admissions in the urban population of Arak in a 6-year period.
Materials and Methods
This population-based ecological study was conducted from Jan 1, 2010 to Dec 31, 2015 in Arak. Daily data on cardiovascular hospital admissions were inquired from two major hospitals (Amir-al-Momenin and Amir Kabir) located in the urban area of Arak. These two governmental medical centers are the only referral centers and the main university affiliated hospitals in Arak, and admit people from various parts of this city. Another medical center is the Qods private hospital which has only 150 beds and admits much less patients. In this study, the daily number of cardiovascular hospital admissions was extracted from hospital admission records according to the tenth revision of the International Classification of Diseases (ICD-10), code I00-I99.
The daily ambient air pollution data were obtained from the Arak Department of Environment for the same time frame. The daily concentrations of 6 pollutants including CO, particulate matter less than 2.5 µm (PM2.5), particulate matter less than 10 µm (PM10), O3, NO2, and SO2 are measured daily in the four stationary centers located in different parts of the city. The daily concentrations of the pollutants used in this study were the average recorded results of these stations. The meteorological data including daily temperature, and relative humidity were inquired from the Arak Meteorological Organization for the same period.
This study (project number 95-249) was reviewed and approved by the Institutional Review Board of the Faculty of Health, Kerman University of Medical Sciences, Kerman, Iran, and was also approved by the Standing Committee on Ethics in Research of Arak University of Medical Sciences.
The short-term association between the number of cardiovascular admissions and air pollutant exposures (NO2, PM2.5, SO2, O3, PM10, and CO) was analyzed using a time-series regression model. 32 As the daily number of CVD was approximately Poisson distributed, we used generalized linear models (GLM) within the family of Poisson distribution and distributed lag models (DLM) to estimate the association between CVD hospital admissions and air pollutant exposures. We adjusted for seasonality and long-term trend, temperature, relative humidity and day of the week (DOW).
We controlled for seasonality and long-term trend in the data with a flexible spline function of time with 7 degrees of freedom (df) per year. 32 We also controlled for the effects of temperature and relative humidity as potential confounders that change from day to day with a natural cubic spline function with 4 df for each. [32] [33] [34] Vahedian, et al. Furthermore, in order to adjust for the day effect on hospital admissions, a DOW parameter was introduced in the model. The DLM was used with a range from zero to seven days, and presented the rate ratio (RR) of CVD admissions for increase in each pollutant. 6 Finally, to reduce potential colinearity between the air pollutants, the models were provided for each pollutant separately. Additionally, the association between ambient air pollution and cardiovascular hospital admissions was estimated according to sex and age separately. The final model was displayed as below:
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Yt refers to the observed count for cardiovascular hospital admissions on day t, t is the day of the observation, s is a spline function, AP denotes to the daily level of the air pollutants (SO2, CO, O3, NO2, PM10 or PM2.5), indicates the lag days, time indicates the long-term trends and seasonality using the calendar time days, T and H are the average daily temperature (°C) and relative humidity (%), respectively and DOW is a categorical variable of the day of the week.
All statistical analyses were conducted by R software (version 3.3.1, R Foundation for Statistical Computing, Vienna, Austria) and statistical significance was considered when the P-value < 0.05.
The effect was presented as RR and its 95% confidence interval (CI) for the daily cardiovascular hospital admissions, for each 1 mg/m 3 increase in CO and each 10 μg/m 3 increase in other pollutants, per day.
Results
The descriptive statistics of the pollutants concentrations, meteorological parameters, and mean of cardiovascular hospital admissions are shown in table 1. During the 6 years of study, there were a total of 32,089 cardiovascular hospital admissions. On average, there were 14.6 cardiovascular hospital admissions per day. More than half (53.1%) of the cardiovascular hospital admissions were men, and the sex ratio was 1.13:1 (17034:15055). The number of cardiovascular admissions was lower in the adult age group (19 to 60 years) and was 11,861 (only 37%).
During the study period, the daily mean concentrations of PM10 and PM2.5 were 86.63 and 24.30 µg/m 3 , respectively which were higher than the correspondent WHO guidelines (25 and 50 μg/m 3 , Table 1 ). 35 The temporal pattern of air pollutants and daily cardiovascular hospital admissions in the study period are shown in figure 1 . Table 2 and figure 2 show the effect of outdoor air pollutants on cardiovascular hospital admissions after controlling for long-term trend, DOW, and weather conditions for different lags in singlepollutant models. Significant direct effects were observed at lag 0 (day), for PM10 (RR = 1.007, P = 0.004), CO (RR = 1.094, P < 0.001) and NO2 (RR = 1.033, P = 0.006). Two air pollutants had significant direct lag effects, including CO at lag 2, and 7 ((RR = 1.094, P = 0.004), and (RR = 1.051, P = 0.004), respectively and O3 at lag 1 and 5 (RR = 1.014, P = 0.004) and (RR = 1.016, P = 0.004), respectively and shows that all pollutants significantly increased hospital admissions. figure 3 show the effect of outdoor air pollutants on cardiovascular hospital admissions after controlling for confounders, among different genders. Significant effects were found for CO at lag 0 (RR = 1.08, P = 0.01), NO2 at lag 0 (RR = 1.033, P = 0.03), PM2.5 at lag 5 (RR = 1.021, P = 0.040) and PM10 at lag 0 (RR = 1.007, P = 0.014) in women, which shows these pollutants increase women hospital admissions. Also, men had a higher risk of cardiovascular admissions with an increase in PM10 on lag 0 (RR = 1.007, P = 0.020), CO at lag 0 (RR = 1.11, P < 0.001) and at lag 7 (RR = 1.053, P = 0.040), PM2.5 at lag 6 (RR = 1.03, P = 0.003), NO2 at lag 0 (RR = 1.033, P = 0.01), O3 at lag 1 (RR = 1.02, P = 0.023) and at lag 5 (RR = 1.02, P = 0.01). figure 4 show the effect of outdoor air pollutants on cardiovascular disease hospital admissions after controlling for long-term trend, DOW, and weather conditions for different lags in single-pollutant models among different age groups. Table 4 . Rate ratios of cardiovascular admissions associated with 1 mg/m 3 increase in CO or 10 µg/m 3 increase in other air pollutants according to single lag, adjusted unconstrained and constrained distributed lag models for each air pollutant among two age groups (continue) Direct and statistically significant associations were found with SO2 at lag 7 (RR = 1.012, P = 0.030), CO at lag 0 (RR = 1.10, P < 0.001) and lag-7 (RR = 1.065, P = 0.02), NO2 at lag 0 (RR = 1.04, P = 0.005) and O3 at lag 1 (RR = 1.02, P = 0.015) and lag 5 (RR = 1.018, P = 0.010) in the elderly (aged > 60) group. The effect of CO and NO2 was the strongest in the elderly (aged > 60) group. In the under 60 years age group, we found direct significant associations with CO at lag 0 (RR = 1.10, P = 0.004) and at lag 2 (RR = 1.06, P = 0.03); and PM10 at lag 0 (RR = 1.012, P = 0.004). In this study, the age group of > 60 years were more susceptible to air pollutants with regard to cardiovascular hospital admissions. Figure 5 depicts the effect of outdoor air pollutants on cardiovascular hospital admissions after controlling for other air pollutants. When investigating the association between cardiovascular hospital admissions and NO2, while adjusted for CO, the estimated RR decreased to 1.05 (95% Cl 1.002-1.100), but remained significant. Almost all effects of air pollutants on cardiovascular hospital admissions were relatively constant after controlling for other air pollutants, and indicated that the evidence for the association between air pollutants and cardiovascular hospital admissions are relatively robust. 
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Discussion
In the present study, the short-term effect of air pollutions on cardiovascular hospital admissions in an industrial city from Iran was evaluated. This study provides evidence of an association between ambient NO2, PM10, SO2 and CO and cardiovascular hospital admissions. In the present study, CO presented a significant effect on cardiovascular hospital admissions. This effect remained significant after adjustment for other air pollutants. These results are consistent with several previous studies. [36] [37] [38] [39] Bell et al. 28 explored the association between short-term exposure to ambient CO and risk of cardiovascular disease hospital admissions in 126 urban counties in the US in 2009, and showed that daily cardiovascular admission increased by 0.96% for each 1 ppm increase in same-day CO levels.
Researchers stated that the risk of cardiovascular hospitalization persisted after adjustment for NO2 and even at low CO concentrations (< 1 ppm). 28 Shahi et al. found evidence for a consistent positive association between short-term exposure to CO and cardiovascular hospital admissions in Tehran, Iran. 38 A systematic review and meta-analysis including 34 studies conducted by Mustafic et al. in 2012 showed that the risk of MI increased by 4.8% for each increment of 1 mg/m 3 in CO levels. 36 In London, Ontario, Canada short-term exposure to CO and cardiovascular hospital admissions were significantly related and cardiovascular hospital admissions increased by 8.0% (95% CI 1.5-11.5) for an increase equal to the interquartile range in CO levels. 37 A study done by Pereira Filho et al. in 2008, in Sao Paulo, Brazil investigated the effects of air pollution on CVD and diabetes and reported a direct effect of CO on cardiovascular emergency room (ER) visits for non-diabetic individuals. 39 Our analysis showed significant increases in cardiovascular hospital admissions among women and the elderly for SO2. Martins et al. in 2006 reported a significant effect of SO2 on cardiovascular hospitalizations in the elderly in Sao Paulo, and this effect was higher among women. 40 The results of the present study were also comparable to the study of Milojevic et al. in 2014, which did not find a significant effect of SO2 on cardiovascular hospital admissions in any age in England and Wales, UK. 41 The association between air pollution and cardiovascular hospital admissions among individuals aged above 18 was also 42 Also in Taipei, Taiwan 43 and Kerman, Iran 44 researchers did not find a positive association between SO2 and cardiovascular hospital admissions. However, a study done by Xie et al. in 2014 reported that each 10 μg/m 3 increase in SO2 concentration on the same day was positively associated with a 0.9% increase for total ER visits for coronary heart disease (CHD) in Shanghai, China. 45 Mustafic et al.'s study in 2012 showed the risk of MI increased by 1% for each increment of 10 μg/m 3 in SO2 levels. 36 A study done in 2014 in Tianjin, China suggested that there was a positive association between SO2 and cardiovascular hospitalization and there was a 0.43% (95% CI 0.03-0.84) increase for each 10 μg/m 3 increase in 2-day average concentrations of SO2. 46 In Sao Paulo researchers also reported the positive effects of SO2 on cardiovascular ER visits. 39 The results of this study are mainly consistent with previous studies indicating significant effects of ambient PM10 on cardiovascular hospital admissions. For example, a study by Zhang et al. in 2015 found 1.39% increased risk of cardiovascular emergency admissions for each 10 μg/m 3 increase in PM10 at lag 5 and 1.72% increased risk for each 10 μg/m 3 increase in PM10 for lag 0. 35 In our study, the effect estimate was slightly smaller, with 0.7% (95% CI 1.002-1.010) increase in cardiovascular hospital admissions per 10 μg/m 3 increase in PM10. A study from Seoul, Korea also reported that cardiovascular hospital admissions increased by 1.3% for each 10 μg/m 3 increase in PM10 levels. 47 In Sao Paulo significant associations were found between PM10 and cardiovascular hospitalizations for the elderly. 40 In Shanghai, China a 1.1% increased risk of total CHD emergency visits was reported for each 10 μg/m 3 increase in PM10 concentrations. 45 In addition, Mustafic et al. also showed that the risk of MI increased by 0.6% for each 10 μg/m 3 increment in PM10 levels. 36 However, some studies have reported non-significant associations between PM10 concentrations and CVD. For example, the findings of Milojevic et al.'s study in 2014 from England and Wales, 41 Willocks et al.'s study in 2012 from Scotland, 48 49 Zanobetti et al. in 2009 in the US reported that admissions of cardiovascular diseases increased by 1.89% for each 10 μg/m 3 increase in 2-day averaged PM2.5 levels. 50 In this study, the effect of PM2.5 on daily hospital admissions for CVD in men and women were significant at lag 6 and lag 5.
In the current study, NO2 showed a significant association with hospital admissions for CVD. Several previous studies are in line with these results. 27, 36, 41, 45 Xie et al. reported that ER visits for CHD increased by 1.44% for each 10 μg/m 3 increase in NO2 concentrations. 45 A systematic review and meta-analysis study reported that each 10 μg/m 3 increase in NO2 concentration was directly associated with an increase of 1.1% for MI. 36 Milojevic et al. reported that only NO2 was associated with a raised risk of admission for CVD. 41 Colais et al. also reported that hospital admissions for CVD were associated with exposure to NO2 in Italy. 27 In Sao Paulo, direct associations were found between NO2 and cardiovascular ER visits for non-diabetic and diabetic individuals. 39 The findings of Jevtic et al.'s study from Serbia showed positive associations between NO2 and daily admissions for CVD with RR = 1.047 (95% CI 1.007-1.089). 42 However, a study from China reported that there was no association between NO2 and cardiovascular morbidity or cardiovascular hospitalization. 46 In this study, distributed lag model suggested that ozone had a significant positive association with cardiovascular admissions at lag 1 and lag 5. Some studies have not shown a significant association between ozone and cardiovascular admissions. A systematic review and meta-analysis in 2013, including 35 articles reported that exposure to ozone did not have a significant adverse effect on heart failure hospitalizations. 18 Another systematic review and meta-analysis done in 2012, including 34 studies also suggested that short-term exposure to ozone was not significantly associated with an increase in MI. In this review, each 10 μg/m 3 increase in O3 concentration was associated with a 0.3% increase in MI risk but was not significant (P = 0.36). 36 In Italy, no effect was reported for ozone on hospital admissions for cardiac diseases. 27 On the other hand, some studies have reported adverse effects of ozone on cardiovascular hospital admissions. 38, 44 For example in Tehran researchers reported that each 10 μg/m 3 increase in O3 was associated with a 0.2% increase in cardiovascular hospitalization on the same day (lag 0) in urban areas. 38 Findings from Kerman also reported significant association between increase in ozone concentrations and cardiovascular hospital admissions. 44 Some previous studies reported different effects of air pollutants between two genders and age groups with regard to cardiovascular diseases. The present study also explored the associations between air pollutants and human health, among different age groups and sexes, in terms of cardiovascular hospitalization. This study found significant positive associations for CO, NO2 and PM10 at lag 0 in women. Also, a higher risk of cardiovascular admissions was seen in older adults (> 60 years) for PM10 at lag 0, CO at lag 0 and lag 7, NO2 at lag 0, SO2 at lag 7, and O3 at lag 1 and lag 5. This result demonstrated that older adults (> 60 years) were more susceptible to exposure to air pollutants than younger adults (< 60 years) regarding CVD. Jalaludin et al. in 2006 in Sydney, reported a significant direct association between PM10, PM2.5, NO2, and CO and cardiovascular ER visits among the elderly (> 65 years). 51 One of the limitations of the present study was the fact that we used aggregated data and thus the results cannot be directly inferred to individuals. Moreover, we were not able to control potential individual confounders such as socioeconomic status, occupation, eating habits, smoking, and migration that may affect cardiovascular hospital admissions.
Conclusion
Ambient air pollution is associated with cardiovascular disease hospital admissions in Arak. The elderly are more vulnerable to air pollution.
